Abstract Objective Little is known about long-term cognitive side effects of adjuvant chemotherapy for breast cancer. We thus examined incidence of dementia diagnoses in older women diagnosed with breast cancer, stratified by types of chemotherapy regimen. Methods We identified patients with incident dementia diagnoses through Medicare claims linked to the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) tumor registry data. The study population (n = 6,932) consisted of women at least 68 years of age, who were diagnosed with early-stage breast cancer from 1994 through 2002 in one of the SEER areas and received chemotherapy as part of their cancer treatment. Excluded were women with a diagnosis of dementia within the 3 years prior to their cancer diagnosis. Results Our sample comprised mostly white women. The mean age was 74.
Introduction
Studies show an association between adjuvant chemotherapy for breast cancer and cognitive impairment [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Cognitive changes after chemotherapy have been described as ''chemo-brain.'' Meta-analyses suggest that the common chemotherapy-related cognitive changes include visual or verbal memory impairments and executive dysfunction [12] [13] [14] [15] . One study of breast cancer and lymphoma patients noted that 39% of chemotherapy patients (N = 71) exhibited cognitive decline, versus 14% of controls (N = 57) [16] . Another longitudinal controlled study (n = 46, mean age of 43 years) showed that women with breast cancer who received chemotherapy plus tamoxifen had greater 1-year decline in visual memory and verbal working memory compared to women who received chemotherapy alone [17] . Women who received neither chemotherapy nor tamoxifen had improved 1-year scores on their cognitive functions [17] .
One study of patients with a mean of 2 years since the completion of last chemotherapy treatment showed that impaired cognitive function was seen in 32% of those treated with high-dose chemotherapy, in 17% of the patients treated with standard-dose chemotherapy, and in 9% of the control group [18] . The control group consisted of women with stage I breast cancer who did not receive chemotherapy [18] . Subsequently, Schagen et al. showed greater cognitive deterioration in high-dose chemotherapy patients compared with low-dose chemotherapy [19] . Over 4 years of follow-up, women in both groups (high-dose and low-dose chemotherapy) showed cognitive improvement after 4 years, suggesting transient cognitive changes or practice effects [20, 21] . These studies were in women younger than 65. Several had small sample size [16] [17] [18] [19] [20] [21] . It is not clear if chemotherapy-associated cognitive impairment differs by types of chemotherapeutic agents or whether older patients will be at higher risk.
An understanding of the cognitive risks of different chemo agents is especially important in the patients aged 65 and older. Most patients living with cancer are in that age group. The patients aged 65 and older are at high risk of having pre-cancer cognitive impairment, so chemotherapeutic agent with the lowest cognitive side effects may be preferred in this population. In particular, we need to examine chemotherapy agents (e.g., methotrexate, 5-Fluorouracil (5-FU), and taxanes) with known toxic effects on peripheral nervous system [22] [23] [24] [25] [26] [27] . The central nervous system in the older cancer patients may be particularly vulnerable to these agents. To our knowledge, there are no population-based studies specifically comparing the cognitive side-effects of different breast cancer chemotherapy agents. Studies have shown specific CNS toxicities associated with individual treatment regimens (e.g., cyclophosphamide, methotrexate, fluorouracil, and paclitaxel), but none has compared the risk of cognitive impairment associated with each drug [22] [23] [24] 28] . It is particularly important to understand the central nervous system impact of paclitaxel because of its well-known side effects of peripheral neuropathy [24, 25] . Selection biases (e.g., not giving chemotherapy to patients with cancer and serious comorbidities) preclude us from looking at effect of chemotherapy versus non-chemotherapy on dementia, but these biases should be less when comparing different chemotherapy regimens.
We thus did an observational study of older women getting adjuvant chemotherapy after a diagnosis of breast cancer. We examined incidence of dementia diagnoses as outcome, using a diagnosis of dementia as a surrogate for cognitive dysfunction. Our goal is to know if the risk of subsequent dementia diagnoses varied by types of chemotherapy drug. We identified patients with incident dementia diagnoses through Medicare claims linked to the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) tumor registry data [29] . We hypothesized that incident dementia would vary by specific chemotherapy drugs. The SEER-Medicare data registry is population-based database that offers a unique opportunity to examine association of chemotherapy with incident dementia across a large population [29] [30] [31] .
Methods
The current study was reviewed and approved by the Institutional Review Board of the University of Texas Medical Branch.
Data
The source of data for this study was the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database [29] [30] [31] [32] [33] [34] [35] [36] [37] . The SEER Program supports populationbased cancer registries that covered 14% of the U.S. population from 1992 to 1999 and 25% of the population (with an expanded set of registries) from 2000 to the present. The linked database contains tumor registry data, Medicare enrollment information and claims for Medicare enrollees who (1) were diagnosed with any cancer (except nonmelanoma skin cancer) from 1973 to 2002 in one of the SEER geographic areas and (2) linked to the Medicare enrollment file. This study used the Medicare claims data for physician services, inpatient stays, institutional outpatient care and durable medical equipment. The linked database also includes selected socio-economic characteristics for each cancer case's census tract and zip code.
Study population
The study population consisted of women at least 68 years of age, who were diagnosed with stage I, II, or III breast cancer from 1994 through 2002 in one of the SEER areas and received chemotherapy as part of their cancer treatment. Receipt of chemotherapy was determined from Common Procedural Terminology (CPT) J codes in the women's claims files for physician services, institutional outpatient care and durable medical equipment. The included codes were J9000 to J9999. We excluded the codes of J9202 (goserelin), J9209 (mesna), J9212 to J9214 (interferon), and J9217, J9218 (leuprolide acetate) because these drugs are not cytotoxic chemotherapeutic agents. A woman with breast cancer was defined as receiving chemotherapy if there was a chemotherapy claim within 6 months after breast cancer diagnosis for any of the following: Group A: Anthracycline (doxorubicin-J9000, J9001, J9010, mitoxantrone-J9293, daunorubicin-J9150, J9151, or epirubicin-J9180), Group B: CMF (cyclophosphamide-J9070, J9080, J9090-J9097, methotrexate-J9250, J9260, and 5-fluorouracil-J9190), Group C: Taxane (docetaxel-J9170, paclitaxel-J9265), and Group D: Other. Because cyclophosphamide can be given as oral medication and only injection medications are available in current Medicare claims, we coded as Group C patients who only had methotrexate and 5-fluorouracil.
Women were excluded if they (1) had a diagnosis of dementia within the 3 years prior to their cancer diagnosis and/or (2) did not have full coverage of Medicare Parts A and B or were members of an HMO over the period from 3 years before to 1 year after breast cancer diagnosis. The ICD-9-CM codes used to identify Alzheimer's disease and related dementias prior to breast cancer diagnosis are those codes evaluated by Taylor et al. [31] A woman was considered to have had a prior diagnosis of dementia if she had one of these codes on a physician, outpatient, or inpatient claim in the 3 years prior to her breast cancer diagnosis.
The minimum age was defined as 68 in order to have at least 3 years of Medicare claims prior to diagnosis to identify and exclude subjects diagnosed with dementia before they were diagnosed with breast cancer. Women who did not have full Medicare coverage or were members of an HMO were also excluded since their claims may not be complete for the 3 years prior to diagnosis (n = 31,497 exclusions). After these exclusions, there were 43,099 women aged 68 years and older with Stage I, II, or III breast cancer at the time of cancer diagnosis (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and with full Medicare coverage (enrolled in Medicare Parts A and B) from 3 years before diagnosis through 1 year after diagnosis. The final study population of breast cancer cases with chemotherapy as defined above was 6,932.
Measures of patient and census tract characteristics
Patient demographic characteristics obtained from the SEER data include age (in years) at diagnosis and race (Hispanic/non-Hispanic white, black, other). Level of comorbidity (none, one, two or more comorbidities) was assessed with Medicare claims data over the 12 months prior to breast cancer diagnosis using Klabunde's adaptation of the Charlson's Comorbidity Index (with the exclusion of dementia) [35] . Tumor characteristics obtained from SEER data include year of diagnosis, American Joint Committee on Cancer (AJCC) stage of breast cancer at diagnosis (I, II, or III), histologic grade (well differentiated, moderately differentiated, poorly differentiated, or undifferentiated), tumor size (in centimeters), lymph nodes involved (negative, number of nodes), and estrogen receptor status (negative, positive). Census tract characteristics include the percentage of adults living in a census tract with less than a high school degree and percentage living in a census tract with income below the poverty line.
Measures of treatment characteristics
Use of different chemotherapy regimens was defined as described above in the definition of the study population. 
Identification of patients with new diagnoses of dementia after chemotherapy
We used Taylor et al.'s list of diagnosis codes described above to identify all breast cancer cases with new diagnoses of dementia after chemotherapy [31] . A patient with a dementia diagnosis in any position of the listed diagnoses on an outpatient or physician claim after the date of the first chemotherapy treatment was considered to have incident dementia.
Statistical analyses
As described above, only women who received chemotherapy were included in the analyses. Percents of patients receiving the 4 groups of chemotherapy agents comprising: Anthracycline, CMF, Taxane, and Others were reported. Each patient could have multiple groups of medication in the descriptive analyses. In the Kaplan-Meier analysis, if they received multiple groups of medication, they were assigned to a group based on the following hierarchy: Taxane, CMF, Anthracycline, and Others. The KaplanMeier method was then used to generate survival curves of incident dementia for patients in each chemotherapy group. A Cox proportional hazard model was used to evaluate the association between receipt of each type of chemotherapy and incident dementia, with adjustment for demographic characteristics, lymph node involvement, tumor size, histologic grade, and other patient and tumor characteristics. The reference group for each chemotherapy agent was its own non-regimen in the Cox proportional hazard model. For example, the reference group for anthracycline comprised patients who did not receive any anthracycline in the 6 months course of their cancer treatment post-diagnosis. All analyses were performed with the use of SAS version 9.1. Fifty-seven percent were ER positive. Over 70% had no comorbidity. The use of taxol and anthracycline-based treatments increased from mid-1990s to early 2000, while the use of CMF treatment decreased. A Cox model was performed to assess the risks of dementia subsequent to specific chemotherapy regimens. Cox proportional hazard models for the likelihood of developing dementia are shown in Table 2 . Significant predictors of incident dementia after chemotherapy included increasing age at diagnosis, black ethnicity, lower education level, and increasing number of comorbidities. There was no association between type of chemotherapy and incidence of dementia. Lymph node involvement, tumor size, tumor grade, and surgery were also not significantly associated with post-chemotherapy dementia. The reference for each chemotherapy agent was its own non-regimen in the Cox proportional model. We also examined the data with a hierarchical model and once again found no differences. Figure 1 presents Kaplan-Meier survival curves of incident dementia for older patients who received chemotherapy for breast cancer stratified by type of chemotherapy. Up to 6 years post-chemotherapy, all patients have similar survival curves. We chose to look beyond 6 years because taxane is a relatively new chemotherapy agent. This allowed us to capture any taxane-related outcomes since there are less long-term data available on taxane-based regimen. Even though the Kaplan-Meier survival curves after 6 years showed higher rates of dementia diagnoses for taxanes, the Cox proportional hazard models showed no significant difference in incidence of dementia diagnoses among the 4 groups. The P-value from log rank test is 0.4281; the small sample size of taxane at the longer followup lack sufficient power to detect any significant difference in the Cox model. The departure of taxane on Kaplan-Meier 
Results

Discussion
The results of this study can be summarized as follows. We found that increasing age at cancer diagnosis, black ethnicity, living in a census tract with level of lower education, and increasing number of comorbidities were associated with new claims of dementia diagnoses after chemotherapy. We did not find any association between types of chemotherapy agents and risk of subsequent dementia diagnoses. Past studies showed association between chemotherapy use and cognitive impairment . Outcome of the current study is incident dementia diagnosis. Medicare claims underestimate mild cognitive impairment and milder dementia. Past studies have described subtle cognitive decline before and after chemotherapy in cancer patients [12] [13] [14] [15] . Such cognitive changes are not captured in claims data. This may in part explain the lack of association between chemotherapy and incident dementia in our study. Older women are less likely to receive chemotherapy [34] , so the older cancer patients undergoing chemotherapy likely represent a selected group of healthier cancer patients who may have fewer risk factors for dementia.
Brain dysfunction in older patients with cancer reflects multiple etiologic pathways: anxiety, stress, depression, aging, cancer, inflammation, paraneoplastic syndrome, hormonal manipulation, radiotherapy, surgery, non-cancer drugs, e.g., opiates and anti-cholinergics, preexisting vascular risk factors for brain infarcts, and chemotherapy [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The current study was an observational study of women getting chemotherapy. We looked at incident dementia as outcome to see if risk of subsequent dementia varied by type of chemotherapy. It did not. Our data suggest the need for studies that can do more comprehensive cognitive testing, especially in older women where the data are limited. The non-significant trend for increased incidence of dementia diagnoses in women receiving taxane suggests a need for longer follow-up of more women on taxane. Long-term cognitive evaluation of older cancer patients who have received chemotherapy may allow early detection and treatment of any cognitive decline related to cancer or its treatment. The cognitive evaluation is especially important in older Blacks and those with multiple comorbidities who are already at high risk of developing dementia [38] . Cardiovascular risk factors (e.g., hypertension and diabetes) that are common in Blacks have been shown to increase the risk of vascular and Alzheimer's dementia [38] [39] [40] .
Limitations of our study include concerns about validity and completeness of claims data identifying patterns and toxicities of cancer care. Several studies showed good internal and external validity regarding the use of Medicare claims data for outcomes research in breast cancer [34] [35] [36] [37] . Due to inherent selection biases for treatment and diagnosis, retrospective data from SEER must be evaluated with caution. It is possible that the permanent cognitive effects of chemotherapy may be too subtle to be captured by fee for service claims data. One issue is the accuracy and completeness of using Medicare Claims in identifying patients with incident dementia [31, 41, 42] . The population of patients with incident cognitive impairment and mild dementia after chemotherapy differs from the population of patients who have been given a diagnosis of dementia by their physicians. Our study focus is on the latter population. This population likely under-represents individual with incident mild cognitive impairment or milder dementia [41] .
Taylor et al. examined sensitivity of using up to 5 years of Medicare claims in 417 patients known to have a clinical diagnosis of dementia [31] . With 3 years of data from the physician supplier and hospital outpatient claims The time period before diagnosis of breast cancer was calculated by months because data on days before diagnosis were not available from SEER data files, investigators were able to correctly identify 87% of patients with dementia using ICD-9-CM dementia codes [31] . Because Medicare claims likely under-report patients with early dementia [41] , our findings largely relate to incidence of moderate to severe dementia diagnoses after breast cancer chemotherapy. It is thus possible that chemotherapy might be associated with new-onset of early dementia or mild cognitive impairment, but Medicare claims are just not capturing these cognitive changes.
Another limitation of our study is lack of information on hormonal adjuvant therapy. Medicare claims data provide injection medication data only. Hormonal adjuvant medications (e.g., tamoxifen and aromatase inhibitors such as anastrozole) are typically given to postmenopausal women with hormone receptor-positive breast cancer. Although past studies showed association between anti-estrogen therapy and risk of cognitive impairment [4, 17] , our data did not show any difference in incidence of dementia diagnoses between subjects with estrogen receptor-positive tumors and those with estrogen receptor-negative tumors.
Because our analysis is based on the experiences of older breast cancer patients enrolled in fee-for-service Medicare, our findings may not be applicable to younger patients or patients enrolled in Medicare HMOs. Our study has several strengths, including its large sample size, availability of inpatient and outpatient data, information on specific chemotherapy agents, and a wide geographic representation of the US.
In summary, the data show that older women, Blacks, and those with multiple comorbidities are at high risk of new-onset dementia after chemotherapy for breast cancer. Type of chemotherapy agents is not associated with risk of incident dementia. Our study on chemotherapy-associated dementia generated from Medicare claims diagnoses may not reflect findings from prospective studies using detailed neuropsychological measures. Though past studies have described subtle cognitive decline before and after chemotherapy in cancer patients, our findings suggest that concerns about risk of post-chemotherapy dementia should not be a major determinant of which type of adjuvant chemotherapy regimen to prescribe for women with breast cancer. The data on association between comorbidities and subsequent dementia diagnoses suggest that clinicians, patients, and caregivers discuss potential risk of post-chemotherapy dementia diagnoses in the context of co-existing co-morbidities (e.g., diabetes and hypertension) and other risk factors for vascular dementia.
